m... WE'VE BEEN) mmm the 

mom DIRECTIOK) POR ALM05T 
AK) I40UR...I MEED TO ^ET WOME/ 
I UAVE A TE5T TOMMORROW/ 




WE WALKED AK) WOUR TO 5EE A 
MUD PUDDLE? 




WWAT TWE...P 




ii 



DOK)'T WORRV. VOU'LL BE BACK 
IK) TIME FOR yOUR TE5T. AK)yWAy, 
WE'RE WERE/ 






WUy AM I PLOATIWG OK) A DI5C? 

60 you DOW'T PALL POR 
ALL IK)PIK)ITy? i 



A. 



(1 :.^s:-^-:^*--^ 



WITWOUT WATER, LIFE CAW WOT EXI5T. 
TUB QUB^TIOW 15.. WUV WATER? 




IW ORDER TO AW5WER TUIS TWI5 QUE5TI0W, 
WE WEED TO aWDER5TAWD A LITTLE &IT OP 
M6\C CMEMI5TRy PIR5T. ^ 

AT0M5: AT0M5 ARE TME 
5MALLE5T UWIT OP AW ELEMEWT. 
IW ^lOLOey, TMERE ARE OWLV A KAWDPUL 
OP ELEMEWT5 TWAT WE CARE AbOUT: 

5ULPUR, PW05PU0RU5, OXV^EW, WITROOEW^ 
CARMW AWD l4yDRO<3EW (5POWCI4) / 
MAKE UP 9996 OP LIVIWO TWIW(35. 






UERE - LETS TAKE A LOOK AT AW ATOM UP CL05E: 




TUI5 15 CAR^OW, TUE M05T IMPORTAWT ELEMEWT POR LIPE. 
IT 15 AAADE UP OP TWREE PART5: PR0T0W5, WEUTR0W5 AWD 
ELECTR0W5. 




€> 



PROTOW 
r WEUTROW 



* - ELECTROW 





I PR0T0K)6 WAVE A POSITIVE Ci4AR<3e, ^U5T LIKE TUE PLU5 EK)D OP A 
I ^ATTERV. TUEV UAWO OUT IK) TUE K)UCLEU5, IK) T14E CEWTER OF TUE 
IaTOM. TUE K)UM^ER OP PR0T0K)5 IK) AK) ATOM DEPIK)E5 TUE ELEMEK)T 
( CAR&OK), POR EXAMPLE, ALWAVS (4A5 6 PR0T0K)5. 



iii 






AL50 IK) TUE K)UCLEU5 ARE K)EUTR0K)5. TUEV UAVE A^OUT A6 MUCU 
MA55 A5 PR0T0K)5, BUT TUEV DOK)T UAVE A CUAR^E. TUE WUM^ER 
OP K)EUTR0K)5 CAK) VARV PROM ATOM TO ATOM. MORE OK) TUAT LATER 




K)OTUIK)a EXCITE5 ME. EXCEPT DU^5TEP 




LA5TLy WE UAVE ELECTR0K)5. TUEV ARE UVPERACTIVE LITTLE 
dUG<3ER5 TUAT ORdIT AROUWD TUE K)UCLEU5. TUEV UAVE A WE^ATIVE 
CUAR<3E, &UT VIRTUALLV K)0 AAA55... MAKE5 TUEM VERV UARD TO 



you CAM TELL 50Me TWIK)a5 A&OUT AN) ATOM LOOKING A PERIODIC 
TA&LE LIKE T14I5: 




1 

H 












2 

He 


■i 

Li 


Bo 




' W 


6 

C 




1; 

0 


F 


10 

Ne 


Na 


Mg 






Ai 


Si 


15 

P 


'15 

S 

55.1WR 


'"17" 
CI 


ft 
Ar 

JO r-is 


K 


Ca 




Sc 


Ti 


'^23' 

V 


24 

Cr 


Mn 


2Q 

Fe 


27 

Co 


Hi 


Cu 


Zn 


ijrtllliijn 

31 

Ga 


32 


' 33 ' 

As 


" 34 

Se 


' 35 

Br 


3S 

Kr 


37 


Sr 


Y 


' 40 

Zr 


41 

Nb 


42 

Mo 


" 43 

Tc 


44 

Ru 

I'll, or 


45 ' 
Rh 


46 

Pd 


47 

Ag 


'"48 

Cd 


IflitlUilr 

49 

\n 


50 

Sn 


51 

Sb 


1. UN ni 

Te 

l.'.'M 


1 

1 


Xe 


55 

Cs 


56 


57-70 
■if 


71 

Lu 


Hf 


Ta 


'74' 

w 


Vs 

Re 


76 

Os 


77 

k 


78 

Ft 


7Q 

Au 


SO 

Hg 


81 

If 


S2 

Pb 


S3 

Bi 


"84 

Po 


""85"' 

At 

ma 


86 

Rn 


Fr 






Lr 


104 
Rf 

IMII 


105 

Db 


loe 

Ss 


107 

Bh 


108 

Hs 


Ml 


11Q 

Uun 

U7]I 


111 
Uuu 


112 

Uiib 

i:rn 











La 


se 

Ce 


59 

Pr 


60 

Nd 


61 

Pm 






Gd 


Tb 


Ov 


Ho 


^ s 


Fm 


Yb 




89 

Ac 


UO 

Th 


91 

Pa 


u 


93 

Hp 


94 

Pu 


95 

Am 


96 

Cm 


Bk 


Cf 


Es 


Fm 


101 

Md 


102 

No 




XF we LOOK 5PeCIPICALLy AT OUR FRIEWD CAR^OK) A^AIK), 
3 TWIK)(a5: ^ _ 

ATOMIC WUM^ER^ ^ — ^ ^ 

ATOMIC 5yM&0L 






ATOMIC AAA55 

ATOMIC lOUM^ER 15 UOW A^lOy PR0T0W5 THAT ELEMENT WA5. CARBON) 

IK) TWI5 CA5E UA5 6. TUE ATOMIC 5yM^0L 15 0U5T MOW IT 15 WRITTEN). 

LA5TLy, VVE UAVE ATOMIC MA55. PR0T0N)5 AMD N)EUTR0N)5 ^OTU UAVE 
A AAA55 TMAT 15 CL05E TO 1, 66 IN) ^lOLOOy, WE CAN) ^U^ CALL IT 1. 

niEREFORE, 5IN)CE CARBON) UA5 WA5 A A^55 OF A^OUT 12, AMD 

6 PR0T0M5, WE CAM FIGURE OUT TUAT IT MU5T UAVE 6 MEUTR0M5 

A5 WELL. IM AM M0M-CI4AR(3ED ATOM, TWEy WILL UAVE EQUAL MUM^Ef 

OF ELECTR0M5 A5 PR0T0M5 TOO. 





^^^^^^^^ 



K)ow, you MiGUT UAve mr\czo tuat car^ow wa5 aw atomic weieuT 

K)OT OP 12 EXACTUy, OP 12.011. 

I WOULD WAVE... MAD I WOT ^U5T 
/ TWROWK) UP OK) TUE PERIODIC TA&Lg, 






OU, (3R055. Tm5 DIPPEReWCe 15 PARTLV BECAUSE IT 15 AN) AVERAGE 
A^55 OP ALL THE AT0M5 OP CARBON) KK)OWW. 50ME OP TWE5E ATOMS^ 
UAVE (3REATER OR PEWER K)UMBER5 OP K)EUTR0K)5. TWE5E ARE KWOWN) 
A5 I50T0PE5, AK)D TUEV ARE USUALLV UK)5TA&LE AK)D PALL APART 
AT A PREDICTABLE RATE. 





LIVIK)G TWIKX35 TEK)D TO TAKE IN) L0T5 OP A PARTICULAR I50T0PE 
CALLED CARBON) 14 (UA5 2 EXTRA N)EUTR0N)5X WMEN) TUEV DIE, TUAT 
CARBON) 14 CEA5E5 TO BE TAKEN) IN), AN)D WUAT 15 LEPT 5TART5 TO 
PALL APART AT A PREDICTABLE RATE. TI4I5 ALL0W5 U5 TO CARBON) 
DATE TUIN)a5 T14AT WERE ON)CE ALIVE TO TELL WUEN) TUEV DIED. 



50 HOW TWEK) DO AT0M5 5TICK TOaeTUER TO PORM M0LeCULE5? 
WELL, I'M QLAO I A5KED MVSeLP TMAT. VOU 5eE, M05T AT0M5 AREWT 
10096 WAPPy WITU TWEM5ELVE5. TWEV ARE LOOKING POR 50MET14IN)G, 
5PECIPICALLy EITHER TO <3AIK) OR L05E 60ME ELECTR0W5. 





EACU ELEMEK)T WAMT5 TO (3AIK) OR L05E^^TOE^AIN) MUMBER OP 
ELECTR0K)5. TWE K)OTA&LE EXCEPTION) BE\m TU05E 6W00Ty, UPPITV? 
WO^LE GA5E5 IN) T14E RIGWT I4AK)D COLUMN) OP TI4E PERIODIC TA^LE. * 
TMEV WAVE ALL TUE ELECTR0N)5 TWEV WAN)T, 50 TWEV DON)T ^: 
I4AN)G OUT WITH AWV^ODV EL5E. 




WOW, IP AN) ATOM TI4AT REALLV WAN)T5 AN) ELECTRON) MEET5 UP WITI4 
AN) ATOM TWAT REALLV WAN)T5 TO GET RID OP AN) ELECTRON), TI4EN) p< 
TMEV PORM WMAT 15 CALLED AN) ION)IC &ON)D. OWE OP TUE M0LECULE5 
&EC0ME5 N)EGATIVELy CWARGED (<3AIN)ED AN) ELECTRON)) AN)D TUE 
OTUER bEC0ME5 P05ITIVELy CUARGED (L05T). TA^LE 5ALT, OR 50DIUM 
CULORIDE 15 LIKE TWI5. 




MOW, IP TWO AT0M5 WMO &OTW WAK)T ELECTRONS TWE 5AME AMOUWT 
MEET UP, 5Ay TWO CARBON) AT0M5, TI4EK) TUBV AGREE TO 5WARE AK) 
ELECTRON), 50 TUEV E55EN)TIALLy BOTU GET 1. TUI5 15 CALLED A 




CAN) I 5WARE VOUR 



'v; ^ ^" P0R5CUE TOOP R A4ii«As ^iiK^t. CdJTS 

OK, 5AME 5CEN)ARI0, &UT T14I5 TIME, ON)E OP TME TWO AT0M5 15 KIWD 
OP A bULLV. LIKE OXVGEN) POR IN)5TAN)CE. OXVGEN) REALLV LIKE5 
ELECTR0N)5, AK)D UVDROOEN) 15 KIK)D OP A PU5U0VER. 50 EVEN) TI40U<3W 
TWEV ARE COVALEWTLV BON)DED (5UARIK)G) TUE OXVGEN) UO(35 TUE 
ELECTR0K)5 A LITTLE MORE TUAK) TUE [4yDROaEK)5, 50 IT 15 5LIGI4TLy 
NEGATIVE, WWILE THE UyDR0(3EK)5 ARE 5LI(3l4TLy P05ITIVE. 




WUy 15 TMI5 IMPORTAK)T? TWI5 LITTLE MOLECULAR BOK)DIN)G QUIRK 
MAKE5 LIPE P055I&LE. IT aiVE5 WATER ALL TWE 61UALITIE5 K)ECE55ARy 
POR IT TO BE TUE BA5I5 POR LIPE OK) EARTU. LET5 LOOK CL05ER AT 
WATER... 



OP 5LI<3«TLy POSITIVE AK)D SLieUTLV WEaATIVE EN)D5 

TO WATER, m CALL IT A POLAR MOLECULE - A5 IN) IT UA5 P0LE5, 
:3U5T LIKE A A^MET. AK)D ^U5T LIKE MAaK)ET5, WATER M0LECULE5 
5TICK TOaETUER - TUI5 RE5ULT5 IK) QUALITIES LIKE: 





5URPACE TEK)5I0K)/ OR TUE IDEA TUAT WATER M0LECULE5 
5TICK TO^ETWER - TWI5 15 AL50 CALLED C0WE5I0N) 




MOW, ORDIK)ARILy WUEK) A MOLECULE C00L5 PROM A LI61UID TO 
50LID, IT &EC0ME5 MORE DEK)6E (MORE WEiaUT PER VOLUME) 
BUT you KWOW PROM EXPERIENCE TUAT ICE PL0AT6 - WMV? 




Xjjh 9 1^ oO O O O O o o 



llllll .. ifliil I INI 





A5 WATER M0LECULE5 COOL DOWN), TUEy 5L0W DOWN). WHEN) THEV 
ARE WAI^LIQUID), TWEy UAVE L0T5 OP EK)ER(3y-ALTUOU(3l4 
TWEy 5TICK TO EACU OTWER BRIEPLy, TUEy GtUICKLy BOUNCE BACK. 
BUT/ A5 TMEV 5L0W DOWK), TWEy 5T0P BOUNCING AND 5TART TO 
5TICK AND 5TAy 5TUCK: POSITIVE TO NEGATIVE END. 




A5 MORE AWD MORE WATER M0LECULE5 5TICK TOGETUER, TUEV PORM 
A CRVSTAL 5TRUCTURE (CALLED A LATTICE) TUAT 15 LE55 DEK)5E 
TWAK) LIQUID WATER. T14I5 15 WWV ICE PL0AT5/ TI4I5 15 IMPORTANT, 
&ECAU5E WITHOUT TUE IK)5ULATIN)G LAVER OF ICE IK) THE WIWTER 
TIME, ALL OUR LAKE5 AK)D 0CEAK)5 WOULD PREEeE 50LID. AMD TUAT 
WOULD &E A SUMMER. 'CU^ WE'D &E DEAD. 




AL0K)(3 TWE 5AME LirOE5, &ECAU5E OP ALL IK) TI4E IN)TERACTI0K)5 
BETWEEN) WATER M0LECULE5, WATER U0LD5 IK) UEAT VERV WELL. 
TWI5 15 WWy C0A5TAL CITIE5 ALWAy5 UAVE MORE MODERATE CLIMATE5 
rUA^ 5Ay...UTAU. MORE WATER = MORE WEAT AT K)I(3WT AK)D MORE COOL 
IK) TME DAVTIME/ WITHOUT ALL OP OUR WATER OK) EARTW, WE WOULD 
WAVE WUGE TEMPERATURE PLUCTUATI0K)5. T14AT TOO, WOULD &E AK) 
EARTW KILLIKX3 SUMMER. 






TWE LA5T REA50K) WATER 15 50 IMPORTANT 15 IT DI550LVE5 5TUPP 
VERV WELL (OOOD 50LVEK)T)- WWICW 15 IMPORTANT POR VOUR IK)K)ER 
WORKIK)(35. yOUR &ODy AK)D CELL5 WAVE TO C0K)5TAK)TLy MOVE 5TUPP 
AROUK)D. WATER 15 WOW WE DO IT. 





TME LAST ryPE OP IMPORTANT MOLECULE IK) ^lOLOaV 15 THE OROAWIC 
MOLECULE. IK) ^lOLO^V. OROAWIC SIMPLV MEAK)5 TUAT TUERE ARE ON)E 
OR MORE CAR^OK) AT0M5 IK) A MOLECULE. TAKE TWI5, THE 5IMPLE5T 
OP ORaAK)IC M0LECULE5 - MET14AK)E. 




I4MMM. f DO^T 5ee WMV K)OT. 

evERy Boy K)eed5 a per... 

AUM..aA5 MOLECULE, RI(3UT? 
/ 




I TUIK)K I'LL N)AME WIM T00T6. 

/ 




KEEP WIM AWAy PROM 
OPEK) PLAME5 IP yOU VALUE T00T5- 
AWD yOUR WAIR. 



MO OPEN) PLAME5. ^OT IT. CAM WE 
LEAVE WOW? I TWREW UP My DIMMER 
ALREADy, BUT I FEEL LIKE LUMCW 
A^y BE PIOWTIMG TO COME UP TOO. 




AK)D K)OW I'M 6TAK)DIK)(3 IK) A 
MUD PUDDLE AOAIK). Tm5 K)I6I4T 
COULD WOT GET AWV IK)5AN)eR. 



MORE IN)5AK)E. 



WUAT? you OOWWA TUTOR 
ME IK) EK)aLI5W K)OW TOO? 





:>U5T 5AyiK)'. AK)yWAy, we K)EED < 
TO (3ET M0VIK)(3 TO <3ET TO CELL 
CITy IK) TIME. 



IK) TIME FOR WUAT? 




FOR THE K)EXT P14A5E OF 
yOUR LE550K)5. 



OK) WWAT? 



WELL... K)OT GRAMMAR RULE5 
TI4AT5 FOR 5URE. 




UEy... UU.. WAIT UP/ 



REVIEW 



1. AW ATOM, OR rut 5A^LLE5T PART OP AW ELEMeWT 15 MO^TLV 
EMPTV 5PACe. IW FACT, IP We A^DE AW ATOM THE 6\^t OP A POOT&ALL 
6TADIUM, THE WUCLEU5 WOULD &E A&OUT TUE 5I2E OP A AAAR&LE 
5ITTIWS IW TWE CEWTER, WITU A CLOUD OP WUERE ELECTR0W5 MI(3WT 
&E &U22IWG AROUWD IT. DRAW AW ATOM WITU 2 PR0T0W5 AWD 2 
ELECTR0W5 &ELOW. IT D0E5WT WEED TO &E TO 5CALE. LA&EL 
TUE PART5. 



2. IP TUE ATOMIC WEIOUT OP OUR ATOM 15 A, UOW AAAWV WEUTR0W5 
WOULD WE WEED TO ADD? 



3. WUAT ELEMEWT UAVE WE CREATED? 



4. P0TA55IUM (K) UA5 AW ELECTROWESATIVITV OP .82. ELECTROWEGAVITV 
15 A MEA5URE OP UOW MUCU AW ELEMEWT "WAWT5" ELECTR0W5 AWD RAW^E5 
PROM A&OUT .7-3.8 

IP WE COM^IWED P0TA55IUM WITU CULORIWE (ELECTR0WE<3ATIVITy OP 3.16), 
WUAT r/PE OP &OWD DO VOU TUIWK WOULD PORM? WUV? 



S. WUAT ARE 2 OP TUE PR0PERTIE5 OP WATER TUAT AAAKE IT 50 
IMPORTAWT POR LIPE? WUV D0E5 IT UAVE TUE5E PR0PERTIE5? 



